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Herpetofauna Distribution and Species Richness
Along An Elevational Gradient
Beth Schlimm
Department of Biology, Villa Julie College

ABSTRACT
Monteverde, Costa Rica has experienced a significant increase in temperature and reduction in mist
frequency in the last 20 years. These changes in abiotic conditions have been linked to the extinction 40
percent of local amphibian populations and several reptile species. The purpose of this study was to
determine if the herpetofaunal community composition of Monteverde is still transitioning in response to
continued changes in abiotic conditions. Reptiles and amphibians were censused along a 191 m elevational
gradient to observe zonal distributions, and species richness and abundance. Species distributions were
observed for shifts from their expected ranges. Visual and audio data were collected in the study. Visual
data include collection of herpetofauna from trail transect day and night hikes and tree buttress plots while
audio data consist of nighttime amphibian call documentation. Upslope shifts in distribution were found for
three frog species. Species richness and abundance were not significantly correlated with elevation.
Distributional shifts to higher elevations as demonstrated by the herpetofauna in this study seem to follow
the trend of upslope shifts in cloud and mist distribution of tropical cloud forests. Changes in abiotic
conditions including temperature, cloudiness and mist frequency may be exerting increasing pressure on
herpetofauna that is resulting in distributional shifts and changing species richness trends in Monteverde.

RESUMEN
Monteverde, Costa Rica ha tenido una aumentación significante de temperatura y una reducción de
frecuencia de neblina en los 20 anos mas recientes. Esos cambios en condiciones abióticas han sido
conectado a la extinción de 40% de las poblaciones locales de anfibios y unas especies de reptiles. El
propósito de este estudio fue determinar si la composición de la comunidad herpetofaunal todavía esta
cambiando en respuesta a cambios abióticos continuados. Se hizo un censo de reptiles y anfibios en un
pendiente de elevación para observar distribuciones zonales, riqueza de especies y abundancia.
Distribuciones de especies fueron observado por notar cambios de sus ámbitos anticipados. Data visual y
auditorio fueron colectados en este estudio. Data visual incluyo colecciones de herpetofauna de los
senderos de día y de noche y contrafuertes de árboles mientras data auditoria consisto de documentación
de los llames de noche de los anfibios. Cambios de distribución arriba del pendiente fueron encontrado por
tres especies de rana. No hubo correlación entre ni riqueza de especies ni abundancia con elevación.
Cambios de distribución a elevaciones mas altos como fue demostrado por el herpetofauna en este estudio
estan en concordancia con los cambios de nubes y distribución de neblina de los bosques tropicales.
Cambios de condiciones abioticas incluyendo temperatura, cantidad de nubes y frecuencia de neblina
pueden ejercer presura aumentando sobre herpetofauna que resulta en cambios de distribuciones y cambios
de tendencias de riqueza de especies en Monteverde.

INTRODUCTION
Reptiles and amphibians have received much attention with the increasing awareness of
climate change and its potential impacts on global species distributions. Herpetofaunal
species are accurate indicators of environmental health because of the tight association
between their physiology and ambient humidity and temperature (Gibbons et al. 2000).

As a result of this association, their ranges are likely to be affected by climate change on
tropical mountains where steep climatic gradients are present.
In the tropics, the general trend shows that species richness of herpetofauna
decreases as elevation increases (Scott 1976). In the list of herpetofauna present in
Monteverde, the number of species found at lower elevations is greater that the number
of species found at higher elevations (Hayes et al. 1989). According to a study by Stevens
(1992), species richness is lower at higher elevations as highland species are more
specialized and have a lower tolerance to changes in biotic and abiotic conditions.
Populations at higher elevations are put at high risk for extinction because geographic
range size decreases as elevation increases (Pounds et al. 2006).
Over the last two decades, the climate of Monteverde has experienced warming
temperatures and a reduction in mist frequency (Pounds et al. 2006). One study
hypothesizes that rising temperatures have resulted in cloud formation shifting further
upslope where temperatures are cooler in cloud forests. This would reduce the amount of
mist in the lowlands (Pounds et al. 1999). Correlations have been discovered between
these changes in climate and the local loss of herpetofauna (Pounds et al. 2006). In this
time, 40 percent of amphibian populations and several reptile species of Monteverde have
gone extinct likely in response to changing air temperature, precipitation and cloudiness.
The purpose of this study was to determine if herpetofaunal community compositions and
distributions are continuing to change in Monteverde. It was hypothesized that abiotic
factors of elevational gradients are important determinants of herpetofaunal species
distributions. It was predicted that different elevations would support different aggregates
of reptile and amphibian species. In addition, it was predicted that herpetofaunal
populations would experience upslope shifts in response to increased temperatures and
drier conditions.

MATERIALS AND METHODS
This study was performed in the forest interior on property of the Estación
Biológica de Monteverde at Monteverde, Costa Rica, which includes tropical lower
montane wet forest and tropical lower montane rain forest (Hayes et al. 1989). Censuses
were made along a 191 m elevational gradient (1548-1739 m) by collecting herpetofauna
and documenting amphibian calls during July.
Visual and audio data were collected at night and during the day; the visual
portion of the study consisted of day and night collections of herpetofauna along the
Principal Trail in addition to tree buttress plot censuses. Daytime trail collections began
at 12:00 noon and lasted approximately two hours. Nighttime collections began at 18:30
when the trail was completely dark and lasted about two hours. Two day and two night
censuses were performed with the first census moving from highest to lowest elevation
while the second moved from lowest to highest. Leaf-litter along the trail was disturbed
with a stick to make individuals more visible and mobile. All reptiles and amphibians
found were collected in plastic bags and brought back to the station for identification.
The elevation and distributional zone of each individual was documented according to the
trail marker directly below its location. All individuals were photographed and identified

to species using The Amphibians and Reptiles of Costa Rica (Savage 2002) and A Guide
to Amphibians and Reptiles of Costa Rica (Leenders 2001).
In order to perform a census of herpetofauna off of the trail, plots were set up
around tree buttresses. Three m by three m plots were set up around trees with three or
more buttresses. To meet the size criteria, at least one buttress extended no less than one
m up the base of the tree and one m out from the trunk. Only the corners of each plot
were marked with flagging tape so as not to inhibit the movement of herpetofauna in or
out of the plot. The location of the plots ranged from 5 m to 20.2 m off of the Principal
Trail. A total of nine plots were set up along the elevational gradient. Each plot was
censused by disturbing the leaf litter and vegetation between buttresses with a hand rake.
Herpetofauna was collected and identified in the same manner as for the trail censuses.
Two daytime plot censuses were performed. The first started at the plot with the highest
elevation and moved down while the second started at the lowest plot and moved up.
Each census started at 12:00 noon and took approximately two hours.
Audio data were collected by listening to amphibian calls beginning at 18:30, at
nine elevations along the trail, on the night of July 29th, 2007. All amphibian call types
heard in a five minute period were documented and described for each elevation. The call
types were compared to known amphibian calls and potential species identifications were
proposed for four of the five total call types.
A comparison was made between the expected zonal distributions according to
Hayes et al. (1989) and the observed distributions for all herpetofauna collected. The
distributional zones are defined by elevation and topography and correspond loosely to
the Holdridge life zones. Zone Three extends from 1470 m to 1600 m and is considered
tropical lower montane wet forest. Zone Four, tropical lower montane rain forest, covers
the study site above 1600 m on the Pacific slope to 1450 m on the Caribbean slope
(Hayes et al. 1989). In addition, Spearman rank correlation analyses were conducted to
test the effects of elevation on abundance and species richness. The species richness
values were based on visual data and the number of amphibian call types.

RESULTS
In a comparison of expected herpetofaunal zonal distributions with the
distributions recorded in the study, several amphibian species were found out of their
expected zones (Hayes et al. 1989). Six herpetofaunal species were collected in total from
the trail and plot censuses. Three Eleuthrodactylus species collected during trail censuses
were found outside of their expected zonal distribution (Table 1). The same comparison
was made with the frog call data (Table 2). Five distinct calls were recorded. The four
species compared in this table are proposed species identifications, as visual
identification was not possible.
There was no statistical significance in the correlation of visual results for the
number of individuals versus elevation (Spearman rank correlation, rho = 0.3274, p =
0.2336, n = 15, Figure 1). The correlation of species richness versus elevation for the
visual data also had no statistical significance (Spearman rank correlation, rho = 0.1563,
p = 0.5780, n = 15, Figure 2). The number of amphibian call types were significantly
correlated with elevation (Spearman rank correlation, rho = 0.6172, p = 0.1398, n = 7,
Figure 3).

DISCUSSION
In the recent past, herpetofaunal communities of Monteverde have experienced
changes in species composition and shifts in distribution due to changes in temperature,
cloudiness and mist frequency on mountains. The hypothesis of this study stated that
abiotic factors of elevational gradients are important factors in determining herpetofaunal
species distributions. Predictions were also made stating that herpetofaunal community
compositions would change with differences in elevation and that populations would shift
upslope in response to changes in abiotic factors. The hypothesis was supported by zonal
distribution results as they showed an upslope shift in distribution. The correlation
analyses had no statistical significance and could not be used to substantiate the
hypothesis.
The comparisons of expected and study distributions showed several disparities in
the zonal distributions of herpetofauna. Of six total species found during trail transect and
plot census collections, three were found outside of their expected zonal distribution
(Table 1). Eleuthrodactylus bransfordii and E. fitzingeri were both in Zone Four while
their expected distribution was Zone Three. Eleuthrodactylus altae was also found in
Zone Four. The study distribution of this species is especially interesting as the expected
distribution was Zones Five and Six which are located on the Caribbean slope. Climate
change induced range shift is distinct possibility for these species.
The results of the call data were similar to those of the visual data. Although
calling individuals could not be positively identified (frogs were not directly observed),
they corroborated the results from the visual data. The distribution zones for E. fitzingeri
and E. podiciferus were the same for the visual and audio data. In addition, the call of
Bufo coccifer was identified in Zones Three and Four while the expected distribution was
only in Zone Three showing an upslope shift in distribution.
Species found outside of their expected distributions experienced a shift to a zone
at a higher elevation with the exception of E. altae which shifted to the Pacific Slope.
This upward zone shift seems to mirror the upward shift of the cloud base and mist in the
tropics (Pounds et al. 1999). It is logical that the moisture dependent life cycles and
biology of herpetofauna would force distributions to follow the change in cloud and mist
distribution as is suggested in this study.
The study distribution Eleuthrodactylus altae was an interesting exception to the
upslope migration hypothesis. While its study distribution was upslope of the expected
distribution, the distribution also shifted from the Caribbean Slope to the Pacific Slope.
One hypothesis for this distributional shift is that local herpetofaunal extinctions and
distribution migrations have modified community compositions such that fewer
competitor and predator species are present. As a result, E. altae is able to expand its
zonal distribution and niche space. Eleuthrodactylus melanostictus is a Zone Four species
that has declined in the past and shares similar behaviors with E. altae. Both are primarily
nocturnal species that are active on low vegetation. During the day, these species spend
time hiding in leaf litter or bromeliads. It is possible that E. altae is filling the niche of E.
melanostictus. This hypothesis is one suggestion for further study.
Fewer species and individuals were expected to be found at the higher elevations
of Zone Four thus decreasing species richness and number of individuals. However, there
was a lack of significance and trend between species richness and elevation. This is likely
a result of limited sampling. Visual results of the study show that several species from

Zone Three have moved up in elevation and were only found in Zone Four. This should
increase the species richness at the higher, Zone Four elevations. Further research is
needed to test this prediction.
Though this study suggests that herpetofauna are migrating upslope to escape the
effects of climate change, shifts in distribution do not secure the survival of every reptile
and amphibian species affected by climate change. Mountain slopes act as filters against
upward migrations of populations (Scott 1976). Discontinuities in vegetation and water
sources, differences in microhabitats and competition with native species prevent some
migrant species from surviving at higher elevations (Hofer et al. 2000). As a result, small
shifts in distribution can lead to extinctions at the local level and for endemic species,
extinction at the global level (Blaustein et al. 1994). Future studies of changes in species
distributions are very important and sorely needed as they may help in predicting loss of
species and biodiversity in the future.
This study could be improved upon by using an elevational gradient with even
coverage of Zones Three and Four. A larger proportion of the elevational gradient in this
study had a Zone Four distribution. This may account for the fact that several species
were missing from their expected distributional zones but it cannot explain their presence
in a higher zone. Additional collections of visual and audio data could also be performed
at time intervals throughout the day and night. This might incorporate a greater diversity
of herpetofauna as different species are active at different times.
Some suggestions for further research include studying a larger elevational
gradient that covers more than two herpetofauna distributional zones. An increase in the
number of zones in the study may shed light on specific characteristics of shifting species
and whether or not upward shifts are occurring evenly along the elevational gradient. The
Caribbean Slope might be incorporated in the study to see if upslope shifts are occurring
with the same number of species and at the same rate. It would also be interesting to
conduct a similar study on zone shifts during the dry season when individuals are more
directly affected by a reduction in mist frequency and an increase in temperature. Lastly,
herpetofauna could be collected and amphibian calls could be documented from different
habitats the forest interior in addition to the trail and tree buttress habitats. This would
potentially incorporate a greater number of species into the study. It may also help
answer the question of whether or not zonal shifts occur more easily in forest clearings
than in the forest interior with more dense vegetation.
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TABLE 1. A comparison of zonal distributions from visual data. The species were found
during day and night trail transect censuses. The expected distribution zone was based on
the findings of Hayes et al. (1989). The study distribution zones are based on the
elevations where the species was found in this study. Zone 3: 1470 m to 1600 m ; Zone 4:
1600 m (Pacific Slope) over the ridge to 1450 m (Caribbean Slope); Zone 5: 1150 m to
1450 m (Caribbean Slope); Zone 6: 600 m to 1150 m (Caribbean Slope).
Class

Species

Amphibia E. altae
E. bransfordii
E. fitzingeri
E. podiciferus
Reptilia
A. humilis
A. tropidolepis

Expected
Zone
5,6
3
3
3,4
3,4
3,4

Distribution Study Distribution Zone

4
4
4
3,4
4
4

TABLE 2. A comparison of zonal distributions of amphibian calls. The species listed are
the proposed call identifications for four of five total call types. The expected distribution
zone was based on the findings of Hayes et al. (1989). The study distribution zones are
based on the elevations where the species was found in this study. Zone 3: 1470 m to
1600 m (Pacific Slope); Zone 4: 1600 m (Pacific Slope) over the ridge to 1450 m
(Caribbean Slope).
Species
Expected Distribution
Study Distribution
3
3,4
B. coccifer
3,4
4
E. diastema
3
4
E. fitzingeri
3,4
4
E. podiciferus
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Figure 1. Number of individuals collected from leaf-litter along trail
transect elevational censuses. All herpetofauna observed were
collected from 1548 m to 1739 m on the Principal Trail of
Monteverde, Costa Rica.
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Figure 2. Herpetofauna species richness along trail transect
elevational census. The species include all herpetofauna collected
from 1548 m to 1739 m on the Principal Trail of Monteverde, Costa
Rica.
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Figure 3. Number of amphibian call types recognized along an
elevational gradient on the Principal Trail of Monteverde, Costa
Rica. The number of distinct amphibian calls were documented for
nine locations. The number of call types at each location corresponds
to the number of species present.

